Abstract. The aim of the paper is to estimate the cost efficiency of the Czech and Slovak commercial banks within the period 2010-2014. For empirical analysis the Data Envelopment Analysis input-oriented model with variable returns to scale is applied on the data of the commercial banks. The intermediation approach is adopted to define the inputs and outputs. The Czech commercial banks are more cost efficient than Slovak commercial banks. The development of average cost efficiency is similar in the Czech and Slovak banking industry. The most efficient Czech banks are Česká spořitelna and Sberbank in the Czech banking sector, the most efficient Slovak bank is Privatbanka with 100% efficiency.
Introduction
The examination of banking efficiency has fueled a large body of literature globally, and is of vital importance from both a microeconomic and a macroeconomic point of view (Berger, Mester 1997) . The Czech and Slovak financial system is bank-based, thus the investigation of efficiency of these banks is important topic.
The aim of the paper is to estimate the cost efficiency of the Czech and Slovak commercial banks within the period 2010-2014. For examination of efficiency, two major approaches are used in empirical literature, the parametric and non-parametric. The non-parametric (mathematical programming) approach is represented mainly by the Data Envelopment Analysis (DEA) and the Free Disposal Hull method, while the parametric (econometric) approach is represented by the Stochastic Frontier Analysis and the Thick Frontier Analysis. Stavárek and Polouček (2004) stated that both approaches use different techniques to envelop a data set with different assumptions for random noise and for the structure of production technology. These assumptions generate the strengths and drawbacks of both approaches that can be grouped under two categories. We estimate the cost efficiency using the nonparametric approach, namely the Data Envelopment Analysis.
The structure of the paper is following. Second chapter presents the previous studies regarding to the cost efficiency in the Czech and Slovak banking sector and selection of inputs and outputs using in estimation of banking efficiency. Next section described the methodology about cost efficiency and data. Empirical analysis and results are in fourth section where the cost efficiency in the Czech and Slovak banking industry is estimated. Last section concludes the paper with discussion of results and findings.
Literature review
This section presents the previous studies regarding to banking efficiency. First empirical literature about the selection of variables is described. Next the empirical analysis of cost efficiency of the Czech and Slovak banking sector is introduced.
Selection of inputs and outputs
For the estimation of efficiency are first defined used inputs and outputs. As Berger and Humphrey (1997) reported in the empirical literature there is not consensus which inputs and outputs to be used in the analysis of banking efficiency. Several major approaches were developed in the empirical literature that define the relationship of inputs and outputs in the behavior of financial institutions. Firstly, an intermediation approach was introduced by Sealey and Lindley (1977) , it suggests that the main purpose of banks is to transform their liabilities (de-I. Palečková 2 posits) into loans (assets). The intermediation approach assumes that the main aim of a commercial bank is to create output, defined as loans and investment, whilst using liabilities (including deposits), labor, and capital as inputs (Boďa, Zimková 2015) . Therefore, loans and other assets are considered to be the banks' outputs, while deposits and other liabilities are inputs (Jimborean, Brack 2010) . In the underlying philosophy of this approach a commercial bank is a chief financial intermediary in economy and its primary role is to transmute deposits into loans, which pre-determines the treatment of deposits as inputs and loans as outputs (Boďa, Zimková 2015) .
The second approach is the production approach (sometimes referred to as service-oriented approach or user-cost approach), it was presented in study of Sherman and Gold (1985) and it can also be defined as a value-added approach. Production approach focuses on the services provided to clients and the bank assumes that the aim is to produce bank liabilities (deposits) and loans (assets) and other services. Thus, it assumes that the aim of commercial banks is to produce deposits (liabilities) as well as loans (assets) and other services (Boďa, Zimková 2015) . Production approach thus has two main drawbacks that ignores the interest costs and requires information about the number of accounts and cost allocation (Kamecka 2010) . Benston (1965) was one of the first author who used this approach in the study. Boďa and Zimková (2015) stated that this variant of the approach that considers deposits to be an output together with loans and the interest income is called the service-oriented approach. Berger et al. (1987) followed Benston's approach and add an alternative specification under the intermediation approach. Other modification of production approach is the user costs approach developed by Hancock (1991) and deposits are specified as both inputs and outputs of the cost/profit function of a bank (Boďa, Zimková 2015) . Hancock (1991) specified that demand deposits would be classified as outputs, while time deposits would be classified as inputs.
Production and mediating approach are the best known and most widely used in quantifying the effectiveness bank (Sealey, Lindley 1977) . Third, the approach in terms of assets (asset approach) recognizes the essential role of financial institutions as the creator of loans. In essence, this stream of thought a variant of the mediation approach, but the output is defined as a condition of the loan and investment property (Favero, Papi 1995) .
Last profitable approach is the latest approach to the relationship of inputs and outputs. It was defined by Berger and Mester (2003) , who reported that using a profit approach can be taken into account unmeasured changes in quality of banking services, including higher incomes paid for better quality and can help capture the objective of maximizing profits by including costs and revenues. These changes should appear especially after any major change in the disposable income of citizens (Kamecka 2010) . Casu and Molyneux (2003) stated that there is no all-encompassing theory of the banking firm and no agreement on the explicit definition and measurement of banks' inputs and outputs. Berger and Humphrey (1997) confirmed that, although there is no perfect approach, but the intermediation approach may be more appropriate for evaluating entire financial institutions because this approach is inclusive of interest expenses, which often account for one-half to two-thirds of total costs. Moreover, the intermediation approach may be superior for evaluating the importance of frontier efficiency to the profitability of financial institutions, since the minimization of total costs, not just production costs, is needed to maximize profits (Casu, Molyneux 2003) .
As stated Tortosa-Ausina (2002), the opportunity for using of each of these approaches will vary depending on the circumstances. Intermediation approach is considered to be more relevant for the banking sector, where the largest share of activity consists of the transformation of funds raised (deposits) to loans or investments.
Thus, Casu and Molyneux (2003) used intermediation approached and specified two outputs: total loans and other earning assets and two inputs: total costs (interest expenses, non-interest expenses, personnel expenses) and total deposits.
Also Jimborean and Brack (2010) considered the intermediation approach and as inputs they quantified fixed assets, labor measured as full-time equivalents; and borrowed funds measured as the long term and subordinated debt. They derived input prices per bank as depreciation relative to fixed assets, personnel expenses and interest expenses relative to total borrowed funds. They defined the volume of customer deposits, the volume of customer credits and the net fee and commission income as outputs.
Zimková (2015) used intermediation approach and she chose two inputs: number of employees and wages as a cost of employees and deposits and interest rate as a cost of deposits and one outputs: loans. Also Kočišová (2014) adopted the intermediation approach and considered three inputs, especially deposits, number of employees and fixed assets and their prices referred to total interest expenses, personnel expenses and other operating expenses. The outputs she consider total loans and other earning assets.
On the contrary, Zimková and Boďa (2015) used the production approach and as inputs they included labor and fixed assets and as outputs they took deposits and loans. Boďa and Zimková (2015) compared three approached, namely the intermediation approach, service-oriented approach and profit-oriented approach and found that general impressions of the efficiency status of individual banks as obtained within the three approaches are similar in most cases. Matoušek and Taci (2005) estimated the cost efficiency of the Czech banking industry during the 1990s using Distribution Free Approach. They concluded that foreign banks were more efficient than others. Fries and Taci (2005) examined the cost efficiency of the 15 post-communist countries and found that private banks were more efficient than state-owned banks and privatized banks with majority foreign ownership were the most efficient and those with domestic ownership were the least. Řepková (2012, 2013) estimated cost efficiency of the Czech commercial banks using the parametric approach Stochastic Frontier Approach and found that the average cost efficiency was increasing during the period 2001-2010. The studies also found that the largest banks in the market were more efficient than medium-sized and small banks. Řepková and Miglietti (2014) estimated cost efficiency of the Slovak commercial banks using the Stochastic Frontier Approach and they found that the average cost efficiency decreased in the Slovak banking sector within the period 2003-2012. In the Slovak banking industry, the group of small and medium-sized banks were more efficient than the largest banks. Kočišová (2014) estimated the cost, revenue and profit efficiency of the Czech and Slovak banking sector using the DEA model. She concluded that on average commercial banks were the most revenue efficient and the average cost efficiency decreased from score of 77% in 2009 to 72% in 2012, and in 2013 increased to value 77%. Results also showed that the Czech banks were more cost efficient than the Slovak ones during the period 2009-2013. Thus, she claimed that the level of potential costs savings was in case of Slovak banks higher.
Cost efficiency in the Czech and Slovak banking sectors
Zimková (2015) employed the tradition and new approach of the Data Envelopment Analysis to measure the cost efficiency of the Slovak commercial banks. Her findings showed that in the case of the traditional approach, which assumes that prices of inputs are exogenously given, transformation of human sources and deposits into loans was successfully achieved by four banking institutions. A new measure, which allows endogenity of the input prices, transformation of human sources and deposits into loans was successfully achieved by eight banking institutions under the research.
Zimková and Boďa (2015) applied the DEA approach to examine the cost efficiency of the Slovak banking sector in 2012. Their results showed that the most cost efficient were two largest Slovak commercial banks, namely Slovenská sporiteľňa and Všeo-becná úvěrová banka.
Methodology and data
In the chapter is describes used methodology, especially the Data Envelopment Analysis approach. In the second part of this chapter the data and selection of variables are presented.
Data envelopment analysis
The study of the efficient frontier was introduced by Farrell (1957) , which defined a simple measure of firm's efficiency. He suggested that the efficiency of any firm consists of two parts, i.e. technical and allocative efficiency. Farrell (1957) described the technical efficiency as a firm's ability to produce maximum output from a given set of inputs. Allocative efficiency means the ability of a firm to use these inputs in an optimal proportion with respect to their respective prices (Farrell 1957) . It is clear that data of prices are necessary for this kind of efficiency. Farrell (1957) also called it as a cost efficiency.
Data Envelopment Analysis utilizes techniques such as a mathematical programming technique that measures the relative efficiency of the production units, which are described in the literature as a Decision Making Unit (DMU), in comparison with other similar DMU, with the restriction that all DMU lies at or below the level of efficiency (Seiford, Thrall 1990 ). The term Decision Making Unit was used for the first time in the CCR model proposed in Charnes et al. (1978) . Efficient production units are able to use the optimum amount of inputs or produce an optimum amount of outputs. Production units are units that use inputs and produce outputs.
The Data Envelopment Analysis can handle large numbers of variables and elations and this relaxes the requirements that are often encountered when one is limited to choosing only a few inputs and outputs because the techniques employed will otherwise encounter difficulties (Cooper et al. 2007) .
The Data Envelopment Analysis was first introduced by Charnes et al. (1978) . They extended Farrell's (1957) work and succeeded in in establishing DEA as a basic for efficiency analysis. CCR model, which was called by the study Charnes, Cooper and Rhodes, assume constant returns to scale (CRS). Banker et al. (1984) modified CCR model of the variable returns to scale (VRS) and it is called BCC model (according to a study of Banker, Charnes and Cooper) .
The values of efficiency computed in the BCC model is called pure technical efficiency. The BCC model eliminates inefficiencies caused by inadequate size of production units. The assumption of variable returns to scale provides a measurement of pure technical efficiency, which is a measure of technical efficiency devoid of effects of scale efficiency. Figure 1 shows CCR model which is model on the assumption of constant returns to scale of activities as depicted for the production frontier in the single input-single output case. Production frontier of the BCC model with one input and one output is presented in Figure 2 . The BCC model has its production frontiers spanned by the convex hull of the existing DMUs. The frontiers have piecewise linear and concave characteristics which leads to variable returns to scale characterizations with increasing returns to scale occurring in the first solid line segment followed by decreasing returns to scale in the second segment and constant returns to scale occurring at the point where the transition from the first to the second segment is made (Cooper et al. 2007) . We measure cost efficiency using DEA method. Farrell (1957) proposed a measure of cost efficiency, which assumes that prices are fixed and known, although they may possibly be different between the DMUs. Farrell (1957) refers to it as a measure of price efficiency but the more commonly used term is allocative efficiency. Methodology used in this paper is followed the study of Cooper et al. (2007) . The optimal point C is obtained as the optimal solution x* of the following linear program (Farrell 1957 ):
subject to 
Data and selection of variables
The data set consist of 24 commercial banks from the Czech Republic and Slovakia. Especially, 14 Czech commercial banks and 10 Slovak commercial banks. We do not include the specialized financial institutions, building societies, mortgage banks, foreign bank branches and other specialized institutions. These banks represents more than 70% share of total assets of banking industry in the Czech Republic as well as in Slovakia. Thus, the sample of banks is representative and results of the paper could be interpreted as results of banking sectors.
Due to the homogeneity of the data set only commercial banks are analyzed in this paper. The data is obtained from the annual reports of the Czech and Slovak commercial banks during the period 2010-2014. This paper adopted the intermediation approach, which assumes that the commercial bank collects deposits and transform them into loans. Following Kočišová (2014) or Zimková (2015) we employed three inputs and their prices and one output with the price. As inputs we chose deposits (TD), fixed assets (FA) and number of employees (NE). The price of deposits is interest expenses (IE), the price of fixed assets is other operating expenses (OOE) and the price of number of employees is personal expenses. As the output we chose total loans and the price is interest income. Table 2 describes the descriptive statistics of selection of inputs and outputs of the Czech commercial banks. The descriptive statistics of selection of inputs and outputs of commercial banks in Slovakia are described in Table 3 .
Empirical analysis and results
For empirical analysis we used the MaxDEA Pro 6.7 software. MaxDEA is specialized software for estimation several modified Data Envelopment Analysis models. MaxDEA is developed by Cheng Gang. We estimated cost efficiency using the inputoriented model with variable returns to scale (BCC model).
We estimated efficiency of the Czech and Slovak banking sector together and the results are presented individually for the Czech and Slovak banking sector for better lucidity. Table 4 presents the descriptive statistics of results of cost efficiency in the Czech and Slovak banking industry. We can see that on average the Czech commercial banks are more cost efficient than commercial banks in Slovakia. The average median value is also higher in the Czech commercial banks then in Slovak commercial banks.
The average value of efficiency of the Czech banking sector was in range 68-75%. The average value of the Slovak banking sector reached the value of 47-75%. Thus, we found only marginal differences in efficiency in the Czech banking sector. On the other hand, the higher difference between the lowest and highest efficient bank (minimum and maximum value of efficiency) is registered in the Czech banking sector than in Slovak banking sector. When we compare the median value of banking efficiency, the Czech commercial banks were higher values than Slovak commercial banks. For better clarify of the development of cost efficiency of the banking sectors we typify the average cost efficiency of the Czech commercial banks (CZ), Slovak commercial banks (SK) and the Czech and Slovak banking sectors together (CZ + SK) in Figure 3 . The development in cost efficiency is very similar in the Czech and Slovak banking industry. The average cost efficiency slightly decreased in 2010 probably as a result of financial crisis. The interest rate decreased in both countries. This decrease in interest rate was reflected in results of cost efficiency. Other decrease in cost efficiency was in the period [2013] [2014] . In this period we register significant decrease in interest income in most of commercial banks. Banks in these period provided loans but the interest rate on loans was decreased. Thus, the total loans were increasing but the interest income was decreasing. Thus it had a negative impact on cost efficiency. On the other hand, we also register the decrease in interest rate on deposits. Table 5 reports the average cost efficiency of the commercial banks in the Czech Republic. The efficiency is in range from 0 to 1, respectively from 0 to 100%. The efficiency score of 100% means that DMU operates on 100% efficient frontier. The results show that the most efficient banks are Česká spořitelna and Sberbank that operate in 100% efficient frontier. 7 inefficient bank to be efficient. Other reason is number of employees and the high value of cost of fixed assets is in Expobank or in Air Bank. The average value of cost efficiency of the Slovak commercial banks is reported in Table 6 . The most efficient banks is Privatbanka that operate in 100% efficient frontier. Next most efficient bank are OTP Bank and UniCredit Bank with average efficient frontier of 81%. The lowest efficient banks are Postova banka, Tatrabanka and Slovenska sporitelna. Postova banka reached the average efficiency 46%, Tatrabanka was average efficiency score of 47% and Slovenska sporitelna reached the average value of 49%. Tatrabanka and Slovenska sporitelna belongs to the group of the largest banks in the industry. The main reason of inefficiency of the inefficient banks is the excess of clients' deposits in balance sheet of the most of the Slovak commercial banks. For example in CSOB Slovakia other reason of inefficiency was the number of employees. This bank would be more efficient if it decrease deposits and number of employees.
Conclusion and discussion
The aim of the paper was to estimate the cost efficiency of the Czech and Slovak commercial banks within the period 2010-2014. For estimation of cost efficiency we employed the Data Envelopment Analysis. It was used input-oriented model with variable returns to scale.
This study found that average cost efficiency was higher in the Czech banking sector then in Slovak banking sector. This results confirm the results of Kočišová (2014) who also found that the Czech banks were more cost efficient the Slovak banks within 2009-2013. The average cost efficiency reached value of 68-75% in the Czech banking industry and 47-75% in Slovak banking sector. The development of cost efficiency shows that the development is very similar in the Czech and Slovak banking industry. We registered two milestones in the cost efficiency. In 2011 the average efficiency decreased and other decreased in registered in period 2013-2014. We found that this development was caused by the fact that the interest income significantly decreased in balance sheets of most of Czech and Slovak commercial banks. Also Kočišová (2014) registered decreased in cost efficiency in 2012 as a result of financial crisis.
This paper found that in the Czech Republic, the most efficient banks were Česká spořitelna and Sberbank that reached 100% efficiency. Česká spořitlena is one of the group of the largest banks in the Czech banking sector. On the other hand, Fio banka, PPF banka and Air Bank were the lowest efficient banks in the Czech banking sector. This results are similar the findings of Řepková (2012, 2013) who stated that the largest banks were more efficient than medium-sized and small banks in the Czech banking industry. In Slovakia, the most efficient bank was Privatbanka with 100% efficiency. The lowest efficient banks were Postova banka, Tatrabanka and Slovenska sporitelna. The last mentioned two banks are in group of the largest banks in the Slovak industry. This results are in line with the study of Zimková and Boďa (2015) who found that the most cost efficient were two largest Slovak commercial banks (Slovenská sporiteľňa and Všeo-becná úvěrová banka). Our results do not confirm all results of Řepková and Miglietti (2014) who concluded that the group of small and medium-sized banks were more efficient than the largest banks.
Next we investigated the reasons of inefficiency for inefficient DMU. The main reason of inefficiency is the excess of clients' deposits in most of commercial banks. Other reason is number of employees and the high value of cost of fixed assets is in Czech Expobank or in Air Bank and in CSOB in Slovakia. Thus the findings of the paper is that inefficient banks would be more efficient if they decreased deposits and number of employees.
Further research would be oriented on using other approach for selection of variables and thus deposits used as an output. Next, it could be more detailed examined the sources of inefficiency and examined the cost efficiency of individual group of banks according the banks' size.
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